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A Climatological Study cf the
AFGL Mesonetwork, Volume |

1. INTRODUCTION

From 1972 to 1976, the Air Force Geophysics Laboratory (AFGL) conducted
an experimental program to explore the benefits that could be achieved in short-
range (0-3 hours) forecasting from the use of automated weather observations., !
To accomplish this goal, a field test facility was established in the eastern part
of Massachusetts. It consisted of 25 surface weather stations and one instru-
mented tower, The network was under the control of a computer located at
Hanscom Air Force Base, Massachusetts, and automated techniques were util-
ized to acquire, process, display, and archive the data for use in real-time,
short-range forecasting experiments, anu for the development of objective meso-
scale prediction and analysis techniques,

The forecasting experiments2 were conducted as a competition hetween fore-
casters. One forecaster based his forecasts on conventional weather data only,
while the other forecaster was allowed to use both conventional and mesoscale '

Received for publication 8 January 1982

1. Hering, W, S., Brown, il. A, and Muench, H. S. (1972) Mesoscale Fore-
casting Experiment, Bull. Am. Meteorol, Soc,, 53, 12:1180-11¢3,

2, Hering, W. S. and Quick, D. L. (1974) Hanscom visibility for.casting ex-
periments, Proc, 5th Conf. on Weather IForecasting and Anal.,
pp. 224-227)




data. The forecasters who had access to the more detailed data were found to be
more skillful (about 10-15 percent) than those who relied on conventionai data
alone,

Further studiess-s revealed the time and space characteristics of visibility
in fogs and advective weather patterns. Objective féchniques were also developed
to aid the forecaster in the use of thc coruplex and voluminous mescscale data in
his forecasting efforts.,

Since visibility was recognized to be cne of the most significant ope'rational
aviation weather parameters, emphasis was placed on it throughout the forecast-
ing experiments, In order to carvy out these experiments, however, a full com-
plement of weather sensors was established at each station, The bhasic instru-
mentation at each site observed visibility, wind direction, wind speed, temper-
ature, and dewpoint.

This represents the first + cp in the development and analysis of an edited
mesoclimatological data base of the four years of observations by the 26 automated
weather stations. In Volume I, the first section will describe the station network
thae existed between 1972 and 1976, the weather instruments, and the methodology
of the data-editing routine. In the final section, the mesoclimatology derived from
one vear of data, for half the stations, will be prescnted. In Volume II, a five-
part statistical sunmimary of surface weather observations collected by the thirteen

stations during the one-year period will be documented.

2, SURFACE NETWORK

In planning the layout of the new ncetwork, it quickly became apparent that a
circular network surrounding Hanscom Air FForce Base to the distance required
would be prohibitively expensive. The final plan called for the establishment of
an elliptical-shaped network beginning at Hanscom Air Force Base and extending
to the northeast to HHampton, New Hampshire. The density of the network stations

was greatest in the southwest, near ITanscom, and least in the northeast. This

3. Chisholm D. A. and Kruse, 1. (1974) The Variability of Visibilitv in the

Hanscom Mesonetwork: A Preliminary \ssessment, \T .-TR-T4-0265,
ADT8ITIT,

4, Tahnk, W. R, (1975) Objective Prediction of Fine Scale Variations in
Radiation Fog Intensity, AFCRL-TR-7T5-0269, ADAOTITTE. -

5. Chishelm, D, A, (1976) Objective Prediction of Mesoscale Variations of
Sensor Equivalent Visibility During Advective Situations, AFGL-TR-Twu-
0132, ADAO3DISZ,
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rationals. allowed forecastiug for HHanscom Air Force Base in those situations with
weather systems propagating to thc southwest (i.e., winter "nor'easter') from the
coast. On the other hand, if weather systems moved in from tne southwest, pro-

vision was made to forecast for one of the sites neur Hampton, New Hampshire.

Careful consideration was also given to specific site locations in order to determine

the detailed behavior of mesoscale weather systems under a variety of topographi-

cal settings. Thus, individual stations were positioned on hilltops, in valleys, on

flat meadows, along the scaside, and in swampy lowlands.
The network of stations established during the f£rur-year period is shown in

Figure 1. Two network configurations are illustrated in the figure. The first

AFGL @zn -
MESOMETEOROLOGY
NETWORK

o  1972-1976
& 1972-1973
@ 1973-1976

Figure 1, Network of Remotc Surface Weather Stations. An enlarged
view of llanscom Air Force Base shows the runway (solid circles) and

tower (s. lid triangle) locations
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network, denoted by dots and diamond-dots, located to the northeast of Hanscom
Air Force Base, was operated between Fall 1972 and Spring 1973, During this
period, the forecasting experiments revealed that storm systems traveling from
the northeast at relatively slow speeds could be tracked adequately with fewer
stations, During the same period, weather systems traveling from the southwest,
at a much higher sp2ed and frequency than expected, highlighted a need to extend
the network to the southwest. A decision was made, therefore, to close four
stations to the northeast of Hanscom and relocate them to the southwest, as de-
noted in Figure 1 by square-dots. Except for the ininor relocation of the Plum
Island site (PL.M-3 to PLLM~-3A), the second configuration was maintained until
the completion of the project. Station particulars, e.g., call letters and numbers,
latitude, longitude and ground elevation, are listed in Table 1. Topographical
charts of the area surrounding each station are shown in Appendix A,

Table 1. Mesonetwork Station Identification and Locatioh

STATION IDENT. T LOCATION TLLEVATION 7 J SITE 1
T T T 1 ! rate |
; ; : { Toliection }
NO. | CALL LTR. NAME LAT LONG ;| Moters ! feqap | Character. s>
o - v
1 1MP Hampton, NH 42 55°25% | 707491 00" 2 | 4 sept 19721  coastal
2 M8 Amesbury, MA 42.51°15" | 70, 56°15"1 87 | 4 Sept 1972 Hill :
3o LM Plum Island, MA 42 49'00" : 70, 49‘(20'2 3 t 4 Gept 1Q72§ Coastal
4 HAV Haverhill, MA 42,47°20" 1 71, 04'08"! 49 1 4 Zopt 1972 Hill
5 L Lawrence, MA 42 42°'55" ;71 07'10"¢ 50 $ 4 fept 1972 Junway i
ol e e L L R POl SN sttt AU
6 Georgetown, A 42 44°10" | 70 07'10'§ 23 t 4 t 1972 V. 1ley
7 North Ipswich, MA 42 43°'00" 70.50'40"9 17 i 4 pt 1972 ¢ Coastal
8 Andover ,MA-Bos Hill 42 IB'S0" ] 71 0%'407, 114 P4 Sept 1972 Hill
9 i Sagamore Hill, MA 42 37°50% ! 70 48°55"! 56 ¢ 4 Sept 19727 Hili
‘;i" Tewksbury, MA (42 367457 171 1275870 35 4 Fept 1972 Valley |
Middleton, MA 42 35755% 1 70 591"~ -4 i 45 Hill
¥Wilminjton,MA-AVCO 42 315735% ; 71 09'35": 47 f4 Hell
Readinn, MA-P.S. 42 313°05" { 71 08'00"; 23 R Swarp
Billerica, MA 42 32'40"; 71 13‘10" 1% i 4 § Valley
j_Wilmington,MA-P.S. 142 31°457 |71 10157 27 i 4 Sept 1972  valley
Camp Curtis Guild 423145 | 71 o440~ 30 4 Sept 1972; Valley
Bedford,MA-VA Hosp. 42.30°20" ; 71 16°10" 38 4 Sept 1972 Valiey
Bedford,MA~MITRE 42.30'10% | 71.14"10" 18 ! 4 Sept 19724 Valley
Bedford,MA-Nike Site | 42 .29'25" | 71 18'15" 49 4 Scpt 1972 Hill
_| Burlington,MA-P.S, 42 29'15" 1 71 ]1'_!_0:_{" 40 4 Sept 1972 Swapn
Hanscom N Runway 42 28°20" | 71 1705~ 38 4 Scpt 1972 Runway H
Hanscom W Runway 42 28°15" { 71 17'5%" 38 4 Sept 1972 kanway :
Hanscom E Runway 42.28'05" ; 71 16'10" i8 4 Sept 1972 Runway :
fanscom Landfill 42 27357 1 71 18'05" 41 4 Scpt 1972 Swamp :
Lexington, MA 42 26'30" | 71 15'35"] 53 4_Sept 1972 Valley :
Hanscom Tower (lower) | 42.28'35" | 71° 17'40" 43 4 Scpr 1972 Tower :
Hanscom Tower (upper) | 42 28'35% ] 71 17'40° 43 4 Sept 1972 Tower
Fort Devens, MA 42,10'40" | 71 38'10" 79 14 June 1973 Plateau
Milford, MA 42.09'20" | 71 30'55%; a4 31 Aug 197) Valley H
A P} _Plum lsland, MA-APT | 42 47°457 ] 70 50°10°%] 2 20 June 1974 Coastal :
.22 22 . 50 Ukt SOV
112 sUD Sudbury, MA 42.25'08" | 71 28'32"r~ 64 {9 June 1973 Valley 1
‘lﬂA J SHR Shrewsbury, MA 42 18'45"1 n 42'351 165 i 27 June 1973 Valley i




3. STATION INSTRUMENTATION

An example of an automated weather station (WRY-22) is shown in Figure 2.
The instruments at the three runway stations (21, 22, and 23) were mounted on

WIND DIRECTION B
AND SPEED SENSORS

PRECIPITATION I

GAGE J | |

e c . g . .

: ' L B FORWARD
TEMPERATURE AND )

DEWPOINT SENSORS : : SN SCATTER

8 METER
(VISIBILITY)

N .
. . a .

S T :

N TRANSMISSOMETER [
SN (ViSIBILITY) .

-

Figure 2. Picture of Station (WRY) Showing the Mesonetwork Weather Instru-
ments (Visibility, Wind, Precipitation and Temperature-Dewpoint) and the
Transmissometer

cross arms at a height of 4 m. The remaining stations had instruments mounted

at a height of 811, The tower (26-28) was instrumented at two levels, 30 and 43 m.
All stations were equipped with sensors that reported wind direction, wind

speed, visibility, temperature, and dewpoint. In addition, ten stations were

equipped with heated precipitation gauges, while four were avomented with

transmissometers,

4



The temperature-dewpoint instrument (EG&G 110S-M) utilized a thermo-
clectrically cooled mirror with optical sensing of the liquid or frozen condensate.
the temperature and dewpoint measurements were obtained with platinum-
resistance thermometers that sensed the temperature of the condensate surface
and the ambient air. ‘Temperature range of the instrument was from -80° 1o
120°1 with an accuracy of 0, 5°r.

The wind set (Climatronics WM-1) was rclatively uew on the market when
it was acquired for the mesonetwork. Special features of the cup and vane set,
which made it desirable for our use, were low start speed, fast response, and
a friction-free transducer for sensing wind direction,

The instrument used to determine visibility (EG&G 207 Forward-Secatter-
Meter) was developed under AFGL. contract. Its special featurcs were single-
unit construction, short-path-length, and good agrecment with conventional larger
sample volume visibility instruments. The set had the ability to determine visi-
bility over a range of 70 m to 7000 m. More detailed discussion on the forward
scatter meter may ke found in other studies. 7-9

The precipitation and transmissometer data were not included in the
climatological study. The rationale for operation of the transmisso:neters
was merely to provide consistency checks with the forward-scatter-meters
(FSMs) in the early stages of the project, under widely varying visibility
conditions. After a very short time, the reliability of the I'SMs was such
that these checks were dispensed with, The inclusion of the transmissometer
would, therefore, oniy provide redundant information.

In the case of precipitation gauges‘, considerable noise, generated by
spdarious counts of the instrument in response to wind gusts, noisy data lines,
and cyeling of the heating mechanism, rendered the data unsuitable for analysis.

Aluench, . A., Moroz, K. Y. and Jacobs, L. P. (1974) Development and
Calibration of the Forward Scatter Visibility Meter, AFCRL-TR-74-0145,

7.

8. Chisholm, D. A. and Jacobs, L. P, (1978) An Evaluation of Scattering-Type
Vigibility Instruments, AFCRL-TR-75-0411, ADB0102241.,

9, lirown, H, Albert (1979) Preliminary Assessment of an Automated System
for Detecting Present Weather, AFGL-TR-79-0137, ADA078931.
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L DATA REDUCTION AND EDITING

The mesonet magnetic tapes are the basic building blocks of the mesoclima-
tology duta buse, Iiach tape contains approximately three days of data, During
the operating period uf the mesonetwork, from 1972 to 1976, 420 tapes were gen-
erated, It took 10 seconds for the Honeywell 324 computer (used to operate the
mesonetwork) to query all seusors at all the stations., Thus, every sensor was
sampled ~ix times per minute. It was decided to edit each tape and generate
one-minute averages of all the variables with the corrected data. This informa-
tion could be stored on a master magnetic tape and achieve a reduction factor of
ahout 10, which would greatly facilitate the use of the data in time and space vari-
ability studies. At the same time, a mesoclimatology of the network could be
generated,

The initial processing of the tapes, which provides a statistical summary of
all the meteorological variables, included some automatic editing features, For
example, time consistency is checked continuously. Any sensor value that has an
erroncous time associated with it is automatically suppressed. Dewpoint values
that exceed the corresponding temperature observations by 0. 5% are suppressed,
while the dewpoint average for a given minute is eliminated if its standard devia-
tion for that minute exceeds 10°F, This type of error coincides mainly with the
twice-daily automatic recycling calibrations of the dewpoint sensor to clean the
An edit is also made on wind-direction values and eliminates any that

mirror.
do not fall in the range of 0 to 360°. Figure 3 is one of the typical output pages

128 1§13
— Bl R .
rIrE M N (4] " 5T L] LS L 14,1 L] L3 ne LI ] Y 14 had L} N1 TXLY Ewy ShE

22a0-2380 N tAG 128 n e s 123 a1 17 L3 21 316 152 370 389 2ae s 13 14 2 L] 4
2= . Y Sag 357 " 22 is 138 o 17s 16 236 56 M5 a2 1%% ey 2% =3 338 o M L] 1

Torm 128 1 e . A2S 1 11 ” 1 36 1Sz 1T 389 Pee 113 1 ? L
1~ 108 9 SAC I8¢ &8 .29 S 358 e 150 9 27% 49 311 1he 180 38t P23 a3 I o t L 1
181+ 288 8 3AGC 333 48 233 17 I3 &8 . 1a% 17 220 63 3t1 135 188 M5 P4 41 32 M 1 L] ?
281~ 348 " 247 T o2 B0 148 16 222 46 3G 13T (€2 ZEM 240 60 MY W 1 r ?
381~ A88 9 40 23 18 357 . 48 136 4 233 &8 320 126 1S 387 A S8 358 W L4 1 .
“ot- 3608 ¢ SAS Jes s 2 4 337 H 119 16 248 66 318 117 1Ak 24N g9 s 332 (1] L4 [ *
418 315338 S8 306317 328254 188 .48 336 88 . 8. . L4
0 39 M 99 18 2% 48 TFIS 186 15 TIP3 193 &7 35S 0 L] e .
- $1.358. &8 1% & M3 68 313 132 115 _324. 183} .37 388 40 ] [ ] 8
1 1] 4 17 88 M 81 9 253 &9 M3 % 165 3¢ 136 38 ¥I9 48 [ [ [
9012888 9 3A6 J65 40 189 16 WS w0 7 8 .204 .68 338 AT .. Sb_315 334 33 ..358 &8 ] 1] [ ]
1801-1186 9 SAC 368 ¢ 183 18 M8 & 73 & 7’1 80 38 N m 31y 3 74 337 » 1] ¢ L
SL83a0288 8 SAG 354 88428 8848 .7 ~—&. . s... 8
1208-138¢ 9 %A 3% . 177 ir 358 (3] 3 5 3L 1 I .°? 41 327 (34 19 ne o . . L]
1318371488 08308 A8 S5 351 .66 21 ME W * [ °
1488-1300 ns T $Y 302 76 A8 36 &8 L 13 L]
1281~2488 682087 23 33 3%N. 1S 16 3 L] L] [
1E01-1788 .80 Y M " oMY 8 16 N W [J 13 1]
i s | S S | bl —88 . 8. B [
1081-1980 e 2%% 19 16 286 48 13 27 W [} 9 s
1141-2088 272 13 15 Fei a1 12 274 M8 ] 3 ]
28012 e 17 106 I3 48 15 e &¢ 1 14 .
21812288 ELd) 1e 11 24C .33 12 310 & E ] (3 (]
r201-2300 Y 20 2 1T eF 16 MEI W 1 s ]
. 3484 e PYOI Y ST T T 538888 S d. .8

ToTR " & T 294 P60 Tres 23 . hd

Figure 3. An Example of the Editing-Program Output Illustrating the Hourly Av-
erages of Temperature, Dewpoint, Wind Direction, Wind Speed and Extinetion Co-
efficient for Station 9 - SAG on January 20 and January 21, 1973
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generated by the program for each tape processed. It summarizcs, generally, in .
hourly increments, the meteorological observations for each station. On the up-
per left, the first line gives month, day, and year (e.g., 120 1973 denotes
January 20, 1973). TIME indicates the hour or portion of the hour (GMT) for the

following calculations:

ID - Station number and station call letter (see Table 1).

N - Number of 6-second data points in the temperature, dewpoint, wind
direction, wind speed, and visibility averages.

N1 - Number of one-minute averages that made up the subsample average,

TT - Average temperature value (in 0, 1°F) for the time interval noted.

ST - Standard deviation of temperature. (0.1°F)

TD - Average dewpoint value (in 0. 1°F) of the time noted.

STD - Standard deviation of dewpoint (0. 1°F).

DD - Vector mean wind direction {degrees) for the time interval noted.

FF - Vector mean wind speed (0. 1 knots) for the time interval noted.

SCM - Scalar mean wind speed (0.1 knots) for the time interval noted.

DX - One-minute average wind direction at time of maximum one-minute
average speed.

FX - Maximum one-minute average wind speed during time interval sampled.

SV - Vector Standard Deviation of wind (0. 1 knot).

EXCO - Average extinction coefficient {in 10-4m—1) for the time interval noted.

IEMX - The maximum one-minute average extinction coefficient (X10'4m-1)

observed during the time interval.
SDIZ - The standard deviation of the extinction coefficient.

With this output, it is possible to edit each station's complement of instruments
rapidly, on an hour-to-hour and daily basis. In this particular figure, the tem-
perature and dewpoint appears to be operating satisfactorily throughout the day.
Columns headed by N and N1 indicate that sixty minutes of data are being collected
in each hour, and that almost all one-minute averages are based on six samples.
The wind direction and speed (DD and FF) also appear to be operating satis-
factorily, and sixty minutes of data are represented in thc hourly average, but
there are fewer than the maximum data points (N) being collected each hour.
This is undoubtedly due to a noisy channel causing some data to have been re-
jected by the mesonetwork computer. The columns headed DX and FX show that
the period began with high winds (20-26 knots) from the northwest that decreased
during the day to about 4-6 knots [rom the west to southwest. The visibility meter
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shows unrestricted visibility during this period, and a drop of hourly data points
{N) between 1700 and 2100 GMT, again probably due to noisy data lines.
Figure 4 shows the second form of output from the initizcl editing program.

It follows the individual station outputs and gives a summary, by day, of all the
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Figure 4, An Example of the Editing-Program Output Illustrating the Daily
Averages of the Meteorological Variables (see Figure 3) for all Stations in
the Mesonetwork on Jenuary 21, 1973

stations, Column headings are the same except that N1 denotes the number of
hours that data were available during the period. This particular output is for
January 21, 1973, The station numbers and call letters are listed in sequence
and it becomes an easy task to scan each column (TT, TD, DD, FI, and EXCO)
and compare daily averages. Inoperative or malfunctioning sensors are thus
quickly determined. In the temperaturc column, TT, stations 21 (NRY), 23 (ERY),
26 (TWL), and 28 (TWH) report values that indicate the temperature sensors were
not operating properly and, theref>re, should be suppressed. The dewpoint column,
TD, shows malfunctions or inoperative sensors at stations 19, 21, 23, 25, 26, and
28, The wind direction and speed columns, DD and FF, show suspicious average
wind data at stations 2, 18, 26, and 28, Reference to the individual outputs for
each station resulted in these data being deleted. Finally, a check of the visibility
data, IEXCO, revealed that all stations were reporting unlimited visibility and
valid measurements during this day.

The next five figures are examples of trequency distributions of one-minute
averages that are generated for each tape. These frequency distributions are con-
structed for wind direction -- FFigure 5; windspeed, Figure 6; temperat:re,

Figure 7:; dewpoint, Figure 8: and visibility, Figure 9.
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Figure 5, Editing Output Illnstrating the Frequency Distribution of One-NMinute
Average Wind Directions for all Mesonetwork Stations in 109 Wind Direction
Categories for the Period 2240 GMT, January 20 Through 13223 GNIT,

Junuary 24, 1973
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I“igure 6, Lditing Crutput 1llustrating the }requency Distribution of One-Minute
Average Wind Speeds (knots) for all the Mesonetwork Stations for the Same
Period ivoled in Figucee 5
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Figure 7, Bditing Output Ilustrating the I'reguency Distribution of Onec-Mirute

Average Temperatures (CF) for all the Mesonetwork Stations for the PPeriod Noted
in Figure 5
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Figure 8. [Editing ()utput Nlustrating the Frequency Dlstrxbuuon of One- Mmute
Average Dewpoints (°F) for all the Mesonetwork Stations for the Period as in

Figure 5
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Figure 9. lditing Output Illustrating the Frequency Distribution of One-Minute
Average Fxtinction Coefficients (x10™%m -1) for all the Mesonetwork Stations for

the Samc Period as in Figure 5
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In the case of wind direction, Figure 5, one-minute average values are cate-
gorized in 10o intervals. The bottom line, 37, contains the frequency count of
calm conditions. Scanning this table provides additional insight into an examin-
ation of the consistency and validity of the wind-direction sensors. For example,
Station 2-A shows an unusually high, and unrealistic, count of wind-direction
occurrences between 10 and 200, 110 and 1200, and 310 and 330°. This lends
support to the discrepancy noted in Figure 4 for the same station, and gives fur-
ther justification to the determination that the wind-direction sensor was mal-
functioning. The same rationale is used to suppress the data for station 18-MTR,
which shows an unrealistic number of occurrences in the 1 to 10° wind-direction
range, Station 28-TWH, which has too high a count in the 230 to 240° range, and,
finally, Station 26-TWL, which shows most winds were calm.

Figure 6 shows the frequency distribution of one-minute average wind speeds
for each station. The rows are identified with the appropriate wind-speed cate-
gories (knots) while the columns are titled with each station number and call letter.
A scan of the frequency distributions shows a physically consistent shift to higher

' speeds at the hilltop, tower, and coastal locations (2-AMS, 3-PLM, 11-MID, 19-

NKE, and 28-TWII), The very large number of calms at station 26-TWL also
verifies the malfunctioning of that sensor.

The frequency distribution of one-minute temperature values is shown in
Figure 7. The caption in the upper left denotes the time interval included in this
tape, January 20, 2240 GMT to January 24, 1333 GMT. The columns are labeled
with station number and call letters, while the rows give the temperature cate-
gories CF). 1t is apparent that several of the stations (1, 2, 5, and 25) have re-
ported several observations that are out of normal range, and do not appear valid.
A later figure, Figure 10, will show how these individual readings are catalogued
and identified for editing, The temperature set at Station 8-BSH appears to have
a major problem and is a candidate for complete deletion.

Figure 8 shows the frequency distribution of one-minute average dewpoint
values. Columns and rows are the same as in Figure 7. The dewpoint sensors
appear to generate noisier data than the temperature sensors. Stations that are
candidates for elimination because of malfunctioning sensors are 2, 8, 12, 17, and
19. The remainder of the stations can be retained after editing out the individual
minutes that lie outside the expected ranges.

The one-minute average values of extinction coefficient, Figure 9, are the
most difficult to edit, The range of the visibility values from 0 x 10-4m-1 to
500 x 10-4m-1, when combined with the sometimes local nature of visibility re-
strictions, allows for wide variations between stations. At the same time, some
visibility restrictions have very short lifetimes. We have found that examination
of the time variation of visibility at a single location (see Figure 3) provides the
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best means for determining the validity of a forward-scatter-meter's measurements,
It should be noted that this frequency distribution, Figure 9, represents .ata that
was collected between January 20, 2240 GMT, and January 24, 1333 GMT. Re-
examination of the daily records for each station showed that on January 23 mg:.
extinction coefficients were recorded for a short period of time at most of the
stations. ‘

Figure 10 is a representative section of the last output of the editing program.
This section of the program lists, chronologically and by station, those one-minute
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rigure 10, KEditing Output Illustrating the Chrono-
logical Listing of Mesonetwork Stations Whose One-
Minute Averages of Temperature (TT), Dewpoint (TD),
or Wind Speed (WS), lie Outside the Expected Range

of Values

values of temperature, dewpoint, and wind speed that occur ten times or less in
any of the frequency categories of the three variables. The purpose is to isolate
and identify those observations that lie outside the normal range of observations
{e.g., see Figure 7, the few outlying temperatures at stations 1, 2, 5, 8, and 25),
Two of the variables, wind direction and extinction coefficient, do not lend them-
selves as readily to this technique. Their values may fluctuate over the full range
of measurement during relatively short periods of time. Their erroneous observ:-
tions, therefore, are not as easily indicated. Referring to Figure 10, the first
line of the output shows that a wind speed (WS) of 21.2 knots occurred on January 20,
1973, 2240 GMT, at Station 15-CHS. Examination of the wind-speed frequency
output, Figure 6, shows this to be a reasonable, though not freqguently occurring,
wind speed; therefore, it is not edited out. A quick examination of the wind-speed
column (WS) shows that all the wind speeds reported are reasonable and acceptable.
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Examination of the temperature column (TT) shows that Station 5-LLAW reported
a temperature of -1, 1°F on January 20, 2348 GMT. Examination of the frequency
distribution for this station in Figure 7 shows this value should be edited. Of the
remaining three temperature values, two were obs:rved by BSH, and that station
temperature sensor data has already been completely eliminated (see discussion
of Figure 7). The final temperature, which is out of range in this example, is the
report by station 5-LAW of 11.8°F on January 21, 1972, 0026 GMT. Examination
of the LAW frequency distribution in Figure 7 shows this may be an acceptable
reading. Further examination of the individual hourly records of this station, how-
ever, revealed this value to be well outside the normal range of temperatures re-
ported during that hour; therefore, it was deleted.

Finally, the dewpoint column shows that Station 3-PLM observed three widely
varying values of 0,3-3,7, and 3. 9°F within a three-minute pericd. Such a vari-
ation is not reasonable and therefore it was edited out. 7The last dewpoint value of
-6. 5°F observed by Station 18-MTR on January 21, 0016 GMT, also provide,
upon examination of Figure 8, to be well outside the expected range of values

and, therefore, it was edited out.

3. CLIMATOLOGY OF THE MESONETWORK

The term climatology, as used here, denotes the study of meteorological vari-
ables with respect to their dependence on geographical location within a mesoscale-
sized area. The variables specifically analyzed in this study are atmospheric
extinction coefficient, wind speed, and wind direction. The geographical location

is, of course, the Hanscom Air Force Base area and its surroundings.

3.1 Data Base

The unedited data base collected by the AFGI, Mesonetwork during the four
vears of operation consisted of 420 magnetic tapes. In this initial effort, 111 of
the tapes representing the one-year period from September 1972 through August
1973, have been edited. Data (temperature, dewpoint, visibility, wind direction,
and speed) for all stations, werc edited and stored on 16 master magnetic tapes in
the form of one-minute averages. Editing of the remaining magnetic tapes will
continue,

Major emphasis was placed on obtaining a data base to develop and test meso-
scale prolLability forecast models and to serve in specification studies.

Thirteen of the stations were selected, based on geographical and topographi-
cal considerations, to illustrate the visibility and wind variations that occurred on
the mescscale during the first year of data collection. The climatological tables
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(Volume II, Sections 2 through 6) have been constructed using the Air Weather
Service ETAC Revised Uniform Weather Summa.ry10 (RUSSWO) format as a model,

5.2 Hours of Operation

Table 2 shows the number of hours of operation, by month, during the first
year of network operations for the wind and visibility sensors at each of the selected

Table 2, Hours of Operation of the Wind Sets and Forward-Scatter-Meters at Se~

lected Stations in the AT'GI., Mesoneiwork from September 1972 Through August 1973

Fo TV I IR TRIU T T I TR IO L R T SRS T IR S T U TR ST, S s s e
1972 1973

STATION/SENSOR SEP ocT Nov DEC JAN FEB MAR APR MAY JUN JUL AUG
3 WIND 416 135 0 3 3] 416 477 614 706 674 603 445
PLM VSBY 446 466 295 536 426 497 516 633 707 674 605 445
¥ WIND 77 461 246 560 476 466 472 067 668 514 605 440
NIP vsBY 451 461 533 601 476 S48 486 667 6§68 669 605 449
B WIND 452 389 401 550 281 250 LE:) 646 1T [1:1] 427 153
BSH VSBY 447 394 479 653 3128 171 489 658 711 685 632 453
WIND 433 462 273 49%¢ 475 527 457 657 708 685 633 451
SAG VSBY 0 446 $36 664 475 546 520 $58 708 685 633 453
10 WIND 0 Bl 538 625 460 538 220 506 703 681 32 453
TWK VSBY 449 90 530 664 480 537 520 506 704 681 597 453
13 WIND 452 465 219 581 349 453 bed 667 113 682 664 449
HAC vsBY 318 465 336 664 349 466 520 667 712 682 664 449
15 WIND 452 465 509 627 452 525 t20 667 N 684 665 449
cus VSBY 447 465 535 664 452 528 520 667 712 684 560 449
20 WIND 335 464 536 535 407 440 ~520 667 12 682 66d 448
RKO VSBY 446 187 536 664 408 501 520 667 712 682 666 448
2] WIND 95 [] 96 526 480 548 K1E} 250 03] 692 672 453
NRY vsay 327 g1 536 667 480 548 520 667 712 692 666 452
22 WIND 260 458 438 629 475 532 520 [ 148 0 0 0
| Wey vspy 449 466 536 666 475 532 520 667 702 0 160 ]
23 WIND 260 165 531 667 480 244 520 667 640 625 666 441
ERY VSBY 150 465 534 667 480 544 520 667 618 626 652 451
26 WILD 0 [1] 0 L[] 0 26 486 534 665 LLX] LX) LEK
TWL VSBY 0 0 0 (] 0 0 480 579 669 667 603 449
25 WIND [] 0 0 [] 134 467 520 667 707 e77 605 451
TWH VSBY 393 461 533 575 432 548 520 667 207 677 605 451

stations. In the editing process, an hour of data was accepted if more than 30
minutes of observations were available during that hour. During the first few
months of operation, some of the stations were not completely equipped with sen-
sors, For example, the lower level of the tower (TWL) was not completely equip~
ped unt}l March 1973, and the upper level of the tower (TWH) was delayed until
January 1973, Data retrieval problems reduced the number of observations from
the WRY site during the latter part of 1973. As was expected, the winter months

10, Revised Uniform Summary of Surface Weather Observations (RUSSWOQ)
Part C and D, Station - Bedford, Massuchusetts - Air Force Environ-
mental Technical Application Center, Scott AFB, Illinois,

23




show a lower number of operations hours because of weather-related problems,
and the difficulties in maintenance following instrument malfunction. The wi'.d
sets, in particular, experienced some freezing problems during the first winter
of operation. This was essentially eliminated in the following years with the in-
stallation of heating cables around the base of each sensor during the summer of

1973,

5.3 Visibility Variation

As mentioned in an earlier section, visibility measurements in the Hanscom
Mesonetwork were obtained using a forward-scatter-meter. This meter measures
light scattered in a forward direction that is directly related to the atmospheric
extinction coefficient (EXCO). The EXCO will be used in this and subsequent
sections (Volume II, Sections 2 and 3) in lieu of visibility. EXCO values can
easily be converted to day or night visibilities using Koschmieder's or Allard's

LLaws.
5.3.1 ANNUAL

Figure 11 is a cumulative frequency graph of EXCO of selected stations for
the one-year period of the study (See Appendix B for monthly data for all thirteen
stations). For reference, ENXCO readings of 20 x 10 m™1, 40 x 107*mL, and
80 x 10 Iy 1 represent daytime visibilities of about 1450, 725, and 369 meters,
respectively.

The mesonetwork stations depicted on the graph are hill sites (BSH and SAG),
coastal sites (PILM and NIP), a swamp site (HHAC), a valley site (I'WK), a 45 m
elevation tower site (TWH), and a runway sitc (NRY). The final curve on the graph
(BED) represents the values of EXCO frequency for Hanscom Air Force Base that ,
were extracted from the visibility tables of the Hanscom RUSSWL"“ and converted
using Koschmeider's equation. The graph clearly ranks the sites on the basis of
The hill sites have the highest frequencies of occurrence, followed by
The tower site (TWIH) ranks next and reinforces the significance

location.

the coastal sites.
of height above ground on frequencies of restrictive visibility. The remaining

swamp, valley, and runway sites rank in that order but are of similar magnitude.
None of these three sites could be categorized by a single descriptive term. In-
stead, cach showed some of the characteristics of the others. Finally, it is in-
teresting to note the similarity of the frequencies observed by NRY and by BLED.
On the one hand, the NRY curve represents one-minute average 1-XCQ values over

11. Middleton, W, F, N, (1952) Vision through the Atmosphere, i'niversity of
Toronto Press, Chapter 10, pp, 215-225,
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IFigure 11, Cumulative Frequency Distribution of Extinction Coefficient at Eight

Representative Stations in the AFGL Mesonetwork During the Period September
1972 through August 1973, '

the relatively short period of one year. On the other hand, the BED curve was
based on one-hourly observations collected nver a t'wenty-fivé—year period. It
gives some assurance that the one-year data set was not significantly different
from the long-term climatology, at least as represented by visibility.

5.3.2 DIURNAL

Figures 12 a-d show ihe diurnal percent frequency distribution of EXCO at
four sites representative of the geographical/topographic variation within the
mesonetwork. The curves illustrate the frequency of occurrence of EXCO ob-
servations that equaled or exceeded 20 x 107 m ™! (extracted from Volume 11,
Section 3), Four months (September, December, March, and June) were selected
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to illustrate the seasonal variation, The percentages were computed with respect
to a specific time category; example, 16 percent occurrence within the time period
03060 GMT to 0660 GMT, relative to the total observations occurring in that time
interval only.

During the month of September 1972, Figure 12a, all stations show a pro-
nounced diurnal variation of EXCO with a nocturnal maximum. The swamp and
valley sites, HAC and TWK, show higher frequencies at night, which is attributable
to the increased number of radiation fog occurrences during the fall, BSH, a hill
site, has a higher overall frequency of lower visibility that reflects the effects of
low clouds intercepting hil'tops, especially closer to the coast, while PLLM, a low
coastal site, shows the moderating influence of the ocean on radiative log
occurrence.

The winter month, Figure 12b, gives a chaotic appearance with no pronounced
diurnal effects. The high frequency of occurrence throughout the day at I3SIHI, the
hill site, is probably due to the effect of traveling winter storms that produce low
clouds and visibilities, irrespective of the time of day. The remaining stations
have lower frequencies of high EXCOs and show no consistent diurnal pattern.

The spring month, Figure 12c, shows a gradual return to a diurnal variation
of EXCO at the swamp and valley sites, HAC and TWK. The hill and coastal sites,
BSH and PLNM, on tk2 other hand, continue to exhibit high frequencies of EXCO |
throughout the day.

During June 1973, Figure 12d, a pronounced diurnal variation was re-
established at all sites. DBSH and PLM, the hill and coastal sites, show very
high frequencies of occurrence during the night. The inland and low sites also
shov pronounced nocturnal maxima, but of lower magnitude, These frequencies
reflect the large number of coastal advective fogs that predominate along the
New England coast during this period of the year, several of which can penetrate

weli inland.

3.1 Wind-Speed Varialion

The wind sets at all stations, except for those located on [lanscom Air Force
Base (ERY, WRY, and NRY), were mounted on telephone-type poles at a height
of 8 m above ground level, The Hanscom instruments, because of runway safety
restrictions, were limited to a height of 4 m. Wind speed is specified in knots

in this section and in Volume 1I, Sections 4, 5, and 6.
3.4.1 ANNUAL

Figure 13 is a cumulative frequency distribution of wind speed at selected
stations in the mesonctwork, for the twelve-month data period. Stations were
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Figure 13, Cumulative [Freqguency Distribution of Wind Speed at Six
Representative Station in the AFGI, Mesonetwork During the Period
September 1972 through August 1973

selected to represent characteristics of hill tops (BSI), coasts (PLM), swamps
(HHAC)Y, valleys (CHS), runways (ERY) and towers (TWII), In addition, the
R('SS‘\\'U“ data were used to extract the cumulative frequency curve for [lanscom
Air l'orce Base (BED),

T'he station with the greatest frequency of wind speeds equal to or greater
than 11 knots is PLM, 1 coastal site, Next in rank are two stations where height
plays the major role, TWI (15 m level on tower) and BSIT (hilltop site). The
remaining stations, in descending order, are the ERY (a runway site, similar to
a valley), HAC {a swamp site with relatively open exposure), and CHS (a valley
site with significant surrounding topographical features).

The BID curve is of considerable interest because, at the higher spceds, it
more nearly resembles the tower curve at Bedford (T'WH) than the surface runway
site {(EZRY), There could be several explanations to account for this; example, the
operational and mesonetwork wind sets were different and, in fact, the high start

speest of the operational wind sets accounts for the sharp drop in wind-cpeed
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frequency below four knots. In addition, we are comparing a long-term climatology
(BED) with a one-year sample (TWH and ERY), At the same time, we are com-
paring statictics generated by the one-minute, minute-to-minute wind-speed av-
erages of the mesonetwork (ERY, TWH) with one-minute wind speed recorded on
an hourly-observation cycle at BED. Examination of the RUSSWO also indicates
thar the wind observations for a nine-year periou of time al EED welc taken from

a set mounted on the top of a hangar (70 {t) or the weather station building (37 ft).
Prior to that, the location of the wind set was not specified for a ten-year period.
Thus, the BED frequency curve more nearly exhibits the characteristics of a sen-

sor mounted at a substantial height above the ground.
5.-1.2 DIURNAL VARIATION

Figures 143-1) were constructed (o examine the diumal var ition of wind
speed during each season at mesonetwork stations selected to represent coastal,
hilltop, valley, and swampy locations. Frequencies for all wind speed equal to or
greater than 11 knots were extracted from Volume 1I, Section 5.

A pronounced diurnal variation of speed occurred at all stations in each season.
PLM, the coastal site, had the highest frequencies of winds over 11 knots for all
four seasons. The greatest frequency of high winds occurred during March at the
hill (BSH), swamp (HAC), and valley (CIIS) sites. The greatest frequency of high
winds at the coastal site (PLLM), however, occurred during December. This fig-
ure reaffirms the resulis seen in Figure 13, that the coastal, hill, swamp, and
vallev sites rank in that order of high wind-speed frequency.

j.4.3 TOPOGRAPHIC EFFECTS ON ITANSCOM AIR FORCHE BASE

WIND SPEED

Measurements of surface wind speed and direction were made at three loca-
tions at Hanscom Air Force Base, Figure 1. The topography of each site, seen
in Appendix A\, denotes significant topographical feaiures that surround the field.
The WRY site is located just to the east of Pine Hill, which rises 33 m above the
runway level. Although not shown on the topographic:l chart, the NRY sitc was
located to the southwest of a densely wooded area. Consequently, winds from the
northeast could be affected. In addition, hills are located to the northwest and
southeast of the station. The ERY site, on the other hand, was situated just north

of a major obstruction, Kahtahin IHill. To the east and northeast of the ERY site

are dense forests, with another hill further to the east northeast.

To validate the effects of the topographic features cn the runway winds, the
bivariate percentage frequency distributions, listed in Volume II, Scction 6, were
examined for the three sites, Iigure 15 depicts the distribution for April 1973, a

month that shows the topographic effect most clearly because of the high frequency
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Figure 15, Distribution of Average Wind Speed as a Function of 10-
Degree Direction Intervals During the Month of April 1973 for Three
Stations Located Along the Principal Runway at Ilanscom Air Force Base,
M: ssachusetts

of strong east and west winds during the month. For west-wind occurrences, the
NRY and ERY have a long unobstructed fetch across the airfield, and appreciably
stronger winds were observed than at the \WRY, located in the shadow of Pine Hill.
Conversely, for easterly winds, the WRY and NRY reported stronger winds than
the ERY, because they experience unobstructed flow during east winds. Consis-
tent with other topographic features, the ERY reports lower southerly wind speeds -
than the other two stations, and the NRY reports lower wind speeds from the north
than the ERY and WRY.

6. SUMMARY

The results of the climatological survey can be summarized as follows: _
(i} An editing program for the AFGL Mesonetw.'ork has been written, iested,
and utilized in editing 12 months (111 tapes) of data between September 1972 and
August 1973. The edited data {temperature, dewpoint, wind direction and speed,
and visibility) for the twenty-six station network have been compacted and stored
on sixteen magnetic tapes in the form of one-minute averages,
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(ii) Edited hard-copy output for each of the 111 tapes has been generated
in the form of one-hour averages of the variables (Figure 3); daily averages
(Figure 4); and frequency distributions of wind direction (Figure 3j, wind speed
(Fizure 6), temperature (Figure 7), dewpoint (Figure 8), and visibility (Figure 9).

(iii) Topographic charts wcre constructed for each of the mesonetwork sta-
tions to show the location of features that could have a significant local effect on
the data.

(iv) A twelve-month climatological survey was conducted with thirteen of
the stations of the mesonetwork. Selection was based on topographic features or
geographic location in the network. The representation included two tower sites
(TWL and TWH); three runway sites (NRY, ERY, WRY); two swamp sites (HAC
and RKO); two valley sites (CHS and TWK); two hill sites (BSH and SAG); and,
finally, two coastal sites (NIP and PLM). The survey was limited to extinction
coefficient (visibility) and wind direction and wind speed.

(v) Cumulative frequency curves for the twelve-month study ranked the
stations according to frequency of visibility restrictions. The highest frequencies
were observed by the hill sites, and decreased in frequency to the coastal sites,
the runway sites, and to the lowest frequencies at the valley sites. Comparison
of the Hanscom Air Force Base mesonet data (NRY) with the Hanscom Air Force
Base RUSSWO data (BED) indicated the twelve-month period was close to the long-
term climatology for visibilities,

(vi) Diurnal variation of extinction coefficient throughout four months repre-
sentative of the four seasons were graphed. They showed strong diurnal vari-
ation with nocturnal maxima in fall and summer, and no pronounced dirunal effect
in winter and spring. The effects of coastal fog in June on the network was qui‘e
apparent.

(vii) Frequency curves of wind speed for selected stations for the twelve-
month period clearly specified the coastal and hill sites as having the highest
frequencies of high winds. Due mainly to sheltering effects of surrounding topog-
raphy, the valley site showed the lowest frequencies.

{viii) Diurnal variations of wind speeds were graphed for four months repre-
sentative of the seasons. Strong diurnal variation was apparent for all seasons.

(ix) A comparison of three stations located along the runway at Hanscom
Air Force Base, during the month of April 1973, revealed the effects of surround-
ing topography on the surface wind speeds. Significant shadowing of wind speeds
occurred on the lee sides of hills and forests.

This initial mesoclimatology analysis considered three variables at thirteen
stations for a period of one year (September 1972 through August 1973), Exten-
sion to the remaining stations, variables, and years two, three, and four of the
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full sample is continuing. In the meantime, the edited one-year data base is
being used in the development of short-range forecasting techniques, and in time

and space variability and specification studies.
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Appendix A

Topographic Charts

Topographical charts for each mesonetwork station have i.een prepared to-
gether with descriptive comments on each station. Each chart covers an area of
1.8 km x 1.8 km and contours are drawn for every 20 ft, While the analysis de-
scribed in this report was limited to 13 of the stations, edited and processed data
for all 31 locations listed in this Appendix are available on magnetic tape for fur-

ther study.
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I. HMP -2 m

The site at [fampton, New llampshire was the lowest in elevation of any site
in the network. The sensors were located within 5 11 ot the edge of the tidal flats
that separated the mainland from the barrier island further to the east, [Exposure
to the east and =zouth was excellent. Some trees were located to the north and

west.
I\ DEV-T9m

This site was situated at Ft. Devens, Massachusetts on a small plateau that
was open, quite flat, and relatively free of trees. To the east, a rather abrupt
drop in height occurs to a valley that contains the Nashua River.

2. AMS - 8T m

The site at Haverhill, Massachusetts was just below the crest of Powwow 1lill
(101 m) and located on its southeast face., This side of the hill had been cleared
of trees, and the exposure to the north, east, and south was excellent. Nearby
water bodies are l.ake Gardner to the west, and the Merrimack River, 2.5 km
to the south. ‘

2A. MIL-81m

This site was located just north of the Town of Milford, Massachusetts on a
relatively flat stretch of land between a range of hills to the east, and Cedar Swamp
Pond to the west. The surrounding area was being utilized as a sanitary land fill,
and was free of obstructions in all directions, Drainage was from north to south
90°, The remaining three quaasonis consisted of open clear fields out to 1 km, and
are slightly lower in elevation (40 m) than the tower site. Pine Hill {70 m in height)

is located ab rut 1.3 km to the southwest,

3. PLM-3m

The site at Plum Island was situated at the northern extremity of the island in
an area of san. lunes, Exposur~ in all directions was excellent. Very little vege-
tation existed in tue area, and topographic features were minor. The northern and
western boundaries are¢ the Merrimack River, while the eastern boundary is the

Atlantic Ocean.
JAPEM - 2m

The original site at Plum Island (3) was relocated when the Coast Guard moved
to new quarters. The new mesonetwork locatiorn: at the Plum Island Airport was
3 km southwest of the first site. Ixposure was excnllent in all directions.
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L HAV -9 m

The Haverhill station was located in a region of complex topographic features,
Three lakes, Pentucket to the northwest, Saltonstall to the south, and Kenozo to
the east, surround the site. Contrasting with the lakes are hills to the nor'n,
southeast, and south-southwest. Drainage flow in the vicinity of the siie was to-

ward the northeast,
3. LAW-50m

The Lawrence site was located at Lawrence Municipal Airport, A small stand
of trees was located southwest of the site on a small hill, Exposure of the instru-
ments was very good. The principal topographic features in the vicinity are Os-
good Uill (105 m), located 1.2 km to the southeast, aud lLake Cochichewick, loca-
ted just off the end of the southeast runway.

6. GEO -23m

The Georgetown site was located on private land just west (60 m) of Interstate
Highway 95. The site was on a minor ridge line that extended southwest-northeast.
Surface drainage was toward the northeast. The closest trecs were about 300 m

distant.
NIP I Tm

The North Ipswich, Massachusetts site was located on land leased by AFGL
and used as a radio astronomy site. The site was on a slight rise of land that
was surrounded by saltwater marshes., The only significant feature within a mile
of the site was a band of trees oriented cast-west along the 20-ft contour to the

north of the station.
8. BSHE-1tbm

Boston Hill, located in North Andover, Massachusetts was one of the princi-
2l hilltop sites in the mesonetwork. It was also one of the most completely in-
strumented sites with temperature, dewpoint, forward-scatter-meter, rain gauge,
wind direction and speed, and transmissometer, The top of the hill had be- -
cleared and was being used by Mitre Corporation as an instrument facility. The
major obstruction on the hill was a six-story concrete building, formerly used as
a radar site. This building was located 76 m south of the mesonet site, Drainage

at the site was downslope to the north.
9. SAG -56 m

This station was located on the easiernmost peak of Sagamore Hill, Located
in the same vicinity was the 18-m solar telescope operated by AFGL. This was
located just to the west of the mesonet station site, The top of the hill had been
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cleared of trees; however, the lower elevation was still densely forested. This
site, along with BSH (Boston Hill), was one of our four major hilltop locations,
The surrounding hills, Eveleth to the south, Willow to the north-northeast, and
Sagamore to the west, reach heights of 59, 54, and 57 m, respectively,
10. TWK-35m

This station was located on open flat terrain just northeast of a hill that was
approximately 53 m in height. Situated directly to the east at about 300 m was a
grove of oak and pine trees that were about 10 m in height, A complex of brooks
combine 5 just to the northwest, proceeds east, and then joins Meadow Brook and
drains south, Surface drainage flow in the immediate vicinity of the site was to-

ward the southeast.

11. MID - 64 m

The station was located on the northeast slope of a hill that extends to 70 m
in height. The area surrounding the site had been cleared and converted to use
as farms. Buildings of the Essex County Industrial Farm were also located in
the vicinity of the site. Drainage in the immediate location was to the northeast

and northwest.
12. AVC-47Tm

This station was located on the southwest side of a hill that extends to 52 m
in height. The vegetation had been cleared from the hilltop for the installation of
a tower fucility by AVCO, Inc., Trees still surrounded the Lase of the hill in a
narrow hand, and the area southwest of the site was characterized by low marshy
land. Drainage in the vicinity of the site was toward the southwest.

12A. SUD-64 m

This site was located at the U.S. Military Reservation, Natick Laboratory,
It was situated on relatively flat land, between three hills, and was bounded on
the north by the Assabet River. Flow along the river was from the southwest to

the northeast.

13. HAC-23 m

This station was locaied on the southern edge of a marshy plain that bounds
the Ipswich River, The site was owned by the Town oi Reading and was being used
as a water-pumping location. ligher ground lay to the east and southwest of the
site, while to the north the land was lower in elevation. Drainage was from the

south and west toward the northeast.
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14. BIL-32m

This station vas situated in a cleared area on the grounds of the Shawsheen
Regional Technical School. Forests surrounded the cleared arca. Drainage in |
the region was accomplished by the Shawsheen River to the west, and Lubbers
Brook to the east. In general, flow was to the north. The only significant hill
is to the northeast, which extends to 58 m in hefght.

15. CHS - 27 m

This station was located about 15 m east of Chestnut Street, on land used by
the Town of Wilmington, Massachusetts for water resources. The area surround-
ing the site was clear of trees to about 300 m, The site itself was situated on the
northeast side of a hill which extends in height to 67 m., Drainage within a radius
of 1 km was, generally, to the northeast, with the brooks eventually draining into

the Ipswich River,
16. CCG -30m

This station was located on the grounds of Camp Curtis Guild, a Massachusetts
National Guard facility. The land surrounding the site was flat and forected, while
the Camp itself was cleared land. The weather site was located at the center of a
large open field that was surrounded by small buildings. The site was also situ-
ated on the southern end of Center Swamps, about 600 m north of Lake Quannapowitt
(elevation 25 m). Drainage was generally toward the east. No significant hills were
located within a 1-km radius.

17, VAH-38 m

This site was located on the grounds of the VA Hospital in Bedford, Massachu-
setts. The site was characterized by higher ground to the east and west. The valley
slopes downward from the north to the south-southeast, and a small spring drains
into the Shawsheen River. Wooded areas exist to the northwest, north, and east.
The area to the west and southwest was unobstructed. The VA buildings were

located about .8 km west of the site.

18. MTR -38m

This station was located on a flat open field between Burlington Road (Route 62)
and the Mitre Corporation in Bedford, Massachusetts. The station was 40 m north
of the road. Higher ground lies to the north and south. The valley is oriented
nearly east-west, with drainage to the west. A large complex of buildings (MITRE)
was located about 450 m to the north., Several buildings were located on the other
side of Burlington Road.
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I18A. SHR - 165 m

This site was located at the Hill Street Pumping Station in Shrewsbury, Massa-
chusetts. It was located in a valley that was drained by Rawson Hill Brook from
west to east. The site was free of trees and was open in all directions.

19. NKE-49m
This station was located 3 km northwest of Hanscom AFB at a deactivated
NIKL site. The site was a small hill (51 m) surrounded by low (36 m) marshy

land that comprises part of the Great Meadows, which bound the Concord Rives.

The river itself lies 1.5 km to the west of the site.

20. RKO - 40 m

This site was located on the southern edge of a swampy drainage area at the
site of the Burlington Meadow Street Pumping Station. TlLe rorthwest and north-
east quadrants opened into a large open meadow with low ground and standing water.
The southeast and southwest quadrants are predominantly high ground, separated
by a drainage brook, which flows from south to north into the meadow.

2. NRY -38m

This station was located 245 m north of the central portion of the east-west
runway at Hanscom AFDB. The northeast quadrant consists of a level wooded area,
beginning aboul 100 m northeast of the site, which slopes gently downward (about
3 m) into a marshy area. The southeast and southwest quadrants were open flat
fields containing the runways, and were unobstructed for at least 1 km in all direc~
tions. The northwest quadrant contains Hartwell's Hill, located about .8 km from
the site, which extends to a height just over 60 m.

22. WRY -38m

This station was located within 245 m of the west end of the east-west runway
at Hanscom AFB. The northeast and southeast quadrants, extending to 1 km, were
open flat fields comprising the remainder of the runways. The main physical
feature in the western quadrants was Pine Hill, at a distance of 600 m, which rises

about 33 m above the station,
23. ERY -38m

This site was located 245 m south of the east end of the east-west runway.
The northeast quadrant was characterized by lower land with swampy conditions.
Drainage was to the northeast, and formed the headwaters of the Shawsheen River.
The southeast and southwest quadrants were dominated by the northern portion of
Kahtahdin Hill. The land begins to rise about 200 m south of IXRY, and reaches
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a height of 226 m within 600 m. The northwest quadrant was open flat land, and

contained the air-base runways.

S5 DMP-42m

This station was located 670 m from the end of the southwest-northeast run-
way. The northeast quadrant contained a2 ridge line extending from northwest to
southeast into higher ground (67 m) located in the southeast quadrant. The south-
west and northwest quadrants contained land, lower than the site, which was, in

general, quite marshy.

25. DPW-53 m

This station was located in the southern portion of land used by the Common-
wealth of Massachusetts DPW for highway maintenance., It was situated at the
intersection of Route 2 and 128. The areas extending 1 km to the northeast and
southeast are characterized by the residential areas of Lexington, Massachusetts.
The station was surrounded by hills to the north, west, and southwest. Fiske Hill
to the north, and Cranberry Hill to the west and southweét, rise to 91 m in height.
Drainage was to the south, and the Cambridge Reservoir begins within .8 km.

26./28. TWL/TWH - 43 m

The tower site was located 550 m north of the center line of the east-west
runway and about 800 m north-northeast of the WRY site. The major topographical
feature affecting the tower was Hartwell's Hill (60 m in height) located about 500 m
to the northeast, and subtending an angle from 20° to 90°. The remaining three
quadrants consisted of open clear fields out to 1 km, and were slightly lower in ele-
vation (40 m) than the tower site. Pine Hill (70 m in height) was located about

1.3 km to the southwest.
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